Abstract The African streak viruses (AfSVs) are a diverse group of mastrevirus species (family Geminiviridae) that infect a wide variety of annual and perennial grass species across the African continent and its nearby Indian Ocean islands. Six AfSV species (of which maize streak virus is the best known) have been described. Here we report the full genome sequences of eight isolates of a seventh AfSV species: Urochloa streak virus (USV), sampled from various locations in Nigeria. Despite there being good evidence of recombination in many other AfSV species, we found no convincing evidence that any of the USV sequences were either inter-or intra-species recombinants. The USV isolates, all of which appear to be variants of the same strain (their genome sequences are all more than 98% identical), share less than 69% nucleotide sequence identity with other currently described AfSV species.
the /29 DNA polymerase (TempliPhi TM , GE Healthcare) methods described by Owor et al. [14, 15] and Shepherd et al. [19] . KpnI-or BamHI-digested full-length monomeric (2.7-kb) genomes were inserted into pGEM3Zf(+) (Promega Biotech) and sequenced by Macrogen Inc. (Korea) using primer walking.
We aligned the eight USV sequences with representative PanSV (PanSV- [22] .
We found evidence of various genomic features within the USV genomes by inference from those identified previously in other AfSV genomes. These included: (1) conserved inverted repeat sequences and iterated sequence elements on either side of a canonical geminiviral TAA-TATTAC sequence at the presumed virion-strand origin of replication (v-ori); (2) a conserved series of inverted repeat sequences immediately 3 0 of the presumed complementarystrand origin of replication; (3) TATA boxes, GC-rich sequences and polyadenylation signals probably involved in complementary-and virion-sense gene transcription; (4) probable movement protein (mp), coat protein (cp), replication-associated protein (rep) and repA gene start and stop codons; and (5) probable rep and mp intron splice sites and branch point sequences (see Supplementary Fig. 1 ). The only peculiarity amongst these features was that all eight USV sequences had two distinct sets of iterated sequence elements that are potentially involved in v-ori recognition by Rep: all previously characterised AfSVs have only one set of these elements [1, 25] . By comparison with the predicted translation products of the various genes, we also identified (1) a conserved hydrophobic movement protein domain ( Supplementary Fig. 2) ; (2) Supplementary Fig. 4 ).
Since inter-species recombination events have recently been detected amongst many of the AfSV sequences included in the alignment [20, 24] , we analysed the full AfSV genome sequence alignment for evidence of recombination prior to phylogenetic analysis. We considered it possible that these recombination signals would complicate subsequent genetic distance and phylogenetic analyses aimed at relating the USV sequences to the other AfSV species. We therefore identified tracts of sequence that had a potentially recombinant origin using the RDP [9] , GENECONV [16] , BOOTSCAN [10] , MAXCHI [13] , CHIMAERA [10] , SISCAN [6] and 3SEQ [3] methods implemented in RDP3 (default settings except that only recombination signals detectable by three or more different methods were considered [11] ). Although we identified inter-species recombination signals previously detected in certain MSV, PanSV, SSEV and SSV isolates [12, 20, 24] , we found no convincing evidence that any of the USV sequences were either inter-or intra-species recombinants (data not shown).
Following : all coordinates relative to the v-ori AC sequence), we used it with PHYML [7] to construct a bootstrapped (100 iterations) maximum-likelihood phylogenetic tree (Fig. 1 ). The evolutionary model used for the phylogeny reconstruction (F81 + G 4 ) was selected from amongst those available in PHYML using the same method as that employed by the MODELTEST web server [18] . We additionally calculated pair-wise sequence identities (with pair-wise discounting of sites with gaps) shared between the USV isolates and the other sequences in the alignment using RDP3.
It is clear from the phylogenetic and pairwise-identity analyses (Fig. 1) that the USV isolates belong to a new AfSV species. The sequences share \69% identity with isolates of the existing AfSV species (the ICTV guideline for mastrevirus species demarcation is \75% identity with a previously described species [21] and are all closely clustered on a distinct, well-supported branch of the phylogenetic tree. The placement of the USV branch within the tree is, however, reasonably uncertain. This is expressed in the presented maximum likelihood tree by the PanSV, SSV/ SSEV/SSRV/ESV and USV lineages all branching from the same node. Whereas a similar trichotomy was encountered when another evolutionary model (HKY + G 4 ) was used to construct the maximum-likelihood tree, it was not seen in a neighbour-joining tree (K2P + G model, transition:transversion ratio = 2.0 in Mega 4.0; data not presented). In the neighbour-joining tree there was 92% bootstrap support for USV being slightly more closely related to viruses on the SSV/SSEV/SSRV/ESV branch than to those on the PanSV branch.
Regardless of the phylogenetic uncertainty in the early origins of the USV lineage, the USV sequences all share [98.7% identity and are therefore all clearly variants of the same strain. This is perhaps not surprising, since they were all sampled from U. deflexa plants growing within 300 km of one another. This degree of diversity is very similar to that observed amongst PanSV strain A isolates sampled in South Africa, MSV strain A isolates sampled in Uganda [14] and SSEV isolates sampled in Egypt [2] .
The distribution of USV throughout Africa remains to be determined. Whereas members of AfSV species such as MSV and PanSV have been detected throughout the continent [4, 12] , [24] , others such as SSEV (and now USV) have only ever been detected in individual countries. While these distribution differences may reflect sampling bias, it may also indicate that there are variable geographical and/ or ecological barriers that different AfSV species experience during their movement around the continent.
Genbank accession numbers: Fig. 1 Phylogenetic relationships amongst USV isolates and the other African streak viruses (AfSVs). This is an unrooted ''recombination-free'' maximum-likelihood tree (F81 + G 4 ) indicating the relationships between the USV sequences (in bold) and other representative AfSVs (Digitaria streak virus is not an AfSV but is included for comparative purposes). Numbers associated with tree branches indicate the percentage of 100 full maximum-likelihood bootstrap replicates supporting the existence of the branches. Branches with less than 50% bootstrap support have been collapsed. The mean pairwise sequence identities shared by the eight USV isolates and strains of the other AfSV species, both with and without taking recombination into account, are presented on the right-hand side of the tree. The scale bar represents nucleotides
